What is claimed is: 



1. A capacitor, comprising: 

a first plate of conductive material formed in a predetermined shape; 

a layer of dielectric material formed on at least a portion of the first plate 
and substantially conforming to the predetermined shape of the first plate; and 

a second plate of conductive material formed over the layer of dielectric 
material. 

2. The capacitor of claim 1, wherein the conductive material of the first plate 
comprises a metal or a semiconductor. 

3. The capacitor of claim 1, wherein the layer of dielectric material comprises 
any dielectric. 

4. The capacitor of claim 1, wherein the predetermined shape of the first 
conductive layer has a depth larger than a width. 

5. The capacitor of claim 1, wherein the open interior portion of the first layer 
has a substantially elliptical cross-section. 

6. The capacitor of claim 1, wherein the open interior portion of the first plate 
has a substantially circular cross-section. 

7. The capacitor of claim 1, wherein the first plate of conductive material is 
thicker than the layer of dielectric material. 

8. The capacitor of claim 1, wherein the first plate of conductive material has a 
thickness of about 300 angstroms. 
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9. The capacitor of claim 1, wherein the layer of dielectric material has a 
predetermined thickness. 

10. A capacitor, comprising: 

a first plate of conductive material formed in a predetermined shape with an 
open interior portion, wherein at least one of an interior surface and at least a 
portion of an exterior surface of the first plate are converted into hemispherical 

grains; 

a layer of dielectric material formed on at least a portion of the first plate 
and substantially conforming to the predetermined shape of .the first plate; and 
a second plate of conductive material formed over the layer of dielectric 

material. 

11. A capacitor, comprising: 

a substantially cone-shaped first plate of conductive material; 

a layer of dielectric material formed on at least a portion of the first plate 
and substantially conforming to the shape of the first plate; and 

a second plate of conductive material formed over the layer of dielectric 

material. 

12 A capacitor, comprising: 

a substantially cone-shaped first plate of conductive material with a hollow 
interior portion, wherein at least one of an interior surface and at least a portion of 
an exterior surface of the first plate are converted into hemispherical grains; 

a layer of dielectric material formed on at least a portion of the substantially 
cone-shaped first plate and substantially conforming to the shape of the first plate 

and the hemispherical grains; and 

a second plate of conductive material formed over the layer of dielectric 

material. 
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13. A capacitor, comprising: 

a layer of forming material; 

a first plate of conductive material formed in a predetermined shape 
including an open interior portion and a closed end extending partially into the 

layer of forming material; 

a layer of dielectric material formed on an interior surface and an exposed 
exterior surface of the first plate extending outside of the layer of forming material, 
wherein the layer of dielectric material substantially conforms to the shape of the 
first plate; and 

a second plate of conductive material formed over the layer of dielectric 

material. 

14. A capacitor, comprising: 

a layer of forming material; 

a substantially cone-shaped first plate of conductive material including a 
vertex portion extending partially into the layer of forming material; 

a layer of dielectric material formed on an interior surface and an exposed 
exterior surface of the first plate extending outside of the layer of forming material, 
wherein the layer of dielectric material substantially conforms to the shape of the 
first plate; and 

a second plate of conductive material formed over the layer of dielectric 
material. 

15. The capacitor of claim 14, wherein the layer of forming material comprises 
a layer of dielectric material. 

16. The capacitor of claim 14, wherein the layer of forming material comprises 
a layer of oxide. 
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17. A capacitor, comprising: 

a layer of forming material; 

substantially cone-shaped first plate of conductive material including a 
portion extending partially into the layer of forming material, wherein at 
least one of an interior surface and an exterior surface of the first plate exposed 
outside of the layer of forming material is converted into hemispherical grains; 

a layer of dielectric material formed on the interior surface and the exposed 
exterior surface of the first plate, wherein the layer of dielectric material 
substantially conforms to the shape of the first plate and the hemispherical grains; 
and 

a second plate of conductive material formed over the layer of dielectric 
material. 

18. A capacitor, comprising: 

a layer of forming material; 

a nucleation layer formed on the layer of forming material; 

a substantially cone-shaped first plate of conductive material including a 
vertex portion extending through the nucleation layer and partially into the layer of 
forming material; 

a layer of dielectric material formed on the nucleation layer and on an 
interior surface and an exposed exterior surface of the first plate extending out of 
the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of the first plate; and 

a second plate of conductive material formed over the layer of dielectric 

material. 

19. The capacitor of claim 18, wherein the layer of forming material comprises 
a layer of doped oxide. 



Attorney D cket 303.778US1 



19 



Micron 01-0369 



20. The capacitor of claim 18, wherein the nucleation layer comprises a layer of 
undoped oxide. 

21. A capacitor, comprising: 

a layer of forming material; 

a nucleation layer formed on the layer of forming material; 

a substantially cone-shaped first plate of conductive material including a 
vertex portion extending through the nucleation layer and partially into the layer of 
forming material, wherein at least one of an interior surface and an exposed exterior 
surface of the first plate extending from the layer of forming material and the 
nucleation layer is converted into hemispherical grains; 

a layer of dielectric material formed on the nucleation layer and on the 
interior surface and the exposed exterior surface of the first plate, wherein the layer 
of dielectric material substantially conforms to the shape of the first plate and the 

hemispherical grains; and 

a second plate of conductive material formed over the layer of dielectric 

material. 

22. A capacitor, comprising: 

a layer of forming material; 

an electrode formed in the layer of forming material; 

a nucleation layer formed on the layer of forming material; 

a substantially cone-shaped first plate of conductive material including a 
vertex portion extending through the nucleation layer and partially into the layer of 
forming material and in contact with the electrode; 

a layer of dielectric material formed on the nucleation layer and on an 
interior surface and on an exposed exterior surface of the first plate extending out 
of the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of the first plate; and 
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a second plate of conductive material formed over the layer of dielectric 
material. 



23. A capacitor, comprising: 

a layer of forming material; 

an electrode formed in the layer of forming material; 

a nucleation layer formed on the layer of forming material; 

a substantially cone-shaped first plate of conductive material including a 
vertex portion extending through the nucleation layer and partially into the layer o 
forming material and in contact with the electrode, wherein at least one of an 
interior surface and an exposed exterior surface of the first plate extending from ft 
layer of forming material and the nucleation layer is converted into hemispherical 
grains; 

a layer of dielectric material formed on the nucleation layer and on the 
interior surface and the exposed exterior surface of the first plate, wherein the lay< 
of dielectric material substantially conforms to the shape of the first plate and the 

hemispherical grains; and 

a second plate of conductive material formed over the layer of dielectric 

material. 



24. An array of capacitors, comprising: 

a plurality of first plates of conductive material, each formed in a 
predetermined shape with an open interior portion; 

a layer of dielectric material formed on the plurality of first plates and 
substantially conforming to the shape of each of the first plates; and 

a second plate of conductive material formed over the layer of dielectric 
material. 
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25 . An array of capacitors, comprising: 

a plurality of substantially cone-shaped first plates of conductive material, 
wherein at least one of an interior surface and at least a portion of an exterior 
surface of each of the first plates are converted into hemispherical grains; 

a layer of dielectric material formed on at least a portion of each of the 
plurality of first plates and substantially conforming to the shape of each of the first 
plates and the hemispherical grains; and 

a second plate of conductive material formed over the layer of dielectric 

material. 

26. An array of capacitors, comprising: 
a layer of forming material; 

a plurality of substantially cone-shaped first plates of conductive material, 
each including a vertex portion extending partially into the layer of forming 
material; 

a layer of dielectric material formed on an interior surface and an exposed 
exterior portion of each of the plurality of first plates extending outside of the layer 
of forming material, wherein the layer of dielectric material substantially conforms 
to the shape of each first plate; and 

a second plate of conductive material formed over the layer of dielectric 

material. 

27 . An array of capacitors, comprising: 
a layer of forming material; 

a plurality of substantially cone-shaped first plates of conductive material, 
each including a vertex portion extending partially into the layer of forming 
material, wherein at least one of an interior surface and an exterior surface of each 
first plate exposed outside of the layer of forming material is converted into 
hemispherical grains; 
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a layer of dielectric material formed on the interior surface and the exposed 
exterior surface of each first plate, wherein the layer of dielectric material 
substantially conforms to the shape of each first plate and the hemispherical grains; 
and 

a second plate of conductive material formed over the layer of dielectric 
material. 

28. An array of capacitors, comprising: 
a layer of forming material; 

a nucleation layer formed on the layer of forming material; 

a plurality of substantially cone-shaped first plates of conductive material, 
each including a vertex portion extending through the nucleation layer and partially 
into the layer of forming material; 

a layer of dielectric material formed on the nucleation layer and on an 
interior surface and an exposed exterior surface of each first plate extending out of 
the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of each first plate; and 

a second plate of conductive material formed over the layer of dielectric 
material. 

29. A memory system, comprising: 

at least one memory element including a capacitor, thecapacitor including: 
a first plate of conductive material formed in a predetermined 

shape, 

a layer of dielectric material formed on at least a portion of the 
first plate and substantially conforming to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 
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30. The memory system of claim 29, wherein the first plate comprises at least 
one of a metal and a semiconductor material. 



31. The memory system of claim 29, wherein the layer of dielectric material 
comprises one of a nitride layer and an oxide layer. 

32. The memory system of claim 29, wherein the substantially cone-shaped 
first plate has a substantially elliptical cross-section. 

33 . A memory system, comprising: 

an array of memory elements, each memory element including a capacitor 

and each capacitor including: 

a substantially cone-shaped first plate of conductive material, 
a layer of dielectric material formed on at least a portion of the 

first plate and substantially conforming to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 

dielectric material. 

34. A memory system, comprising: 

an array of memory elements, each memory element including a capacitor 

and each capacitor including: 

a substantially cone-shaped first plate of conductive material, 
wherein at least one of an interior surface and at least a portion of an exterior 
surface of the first plate are converted into hemispherical grains, 

a layer of dielectric material formed on at least a portion of the 
substantially cone-shaped first plate and substantially conforming to the shape of 
the first plate and the hemispherical grains, and 

a second plate of conductive material formed over the layer of 

dielectric material. 
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35. A memory system, compnsing: 

an array of memory elements, each memory element including a capacitor 
and each capacitor including: 

a layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending partially into the layer of forming material, 

a layer of dielectric material formed on an interior surface and an 
exposed exterior portion of the first plate extending outside of the layer of forming 
material, wherein the layer of dielectric material substantially conforms to the 

shape of the first plate, and 

a second plate of conductive material formed over the layer of 

dielectric material. 

36. A memory system, comprising: 

an array of memory elements, each memory element including a capacitor 
and each capacitor including: 

a layer of forming material, 

a nucleation layer formed on the layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending through the nucleation layer and partially into 
the layer of forming material, 

a layer of dielectric material formed on the nucleation layer and 
on an interior surface and an exposed exterior surface of the first plate extending 
out of the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 

37. A memory system, comprising: 

an array of memory elements arranged in rows and columns; 
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a plurality of address lines each coupled to one of a row or a column of 
memory elements; and 

a plurality of data lines each coupled to one of a row or a column of 
memory elements, each memory element including: 

a transistor including a gate terminal coupled to an address line 
and a source/drain terminal coupled to a data line; and 

a capacitor coupled to another source/drain terminal, wherein the 

capacitor includes: 

a layer of forming material, 

a nucleation layer formed on the layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending through the nucleation layer and partially into 
the layer of forming material, wherein at least one of an interior surface and an 
exposed exterior surface of the first plate extending from the layer of forming 
material and the nucleation layer is converted into hemispherical grains, 

a layer of dielectric material formed on the nucleation layer 
and on the interior surface and the exposed exterior surface of the first plate, 
wherein the layer of dielectric material substantially conforms to the shape of the 
first plate and the hemispherical grains, and 

a second plate of conductive material formed over the layer 

of dielectric material. 

38. A semiconductor die, comprising: 
a substrate; and 

an integrated circuit formed supported by the substrate, wherein the 
integrated circuit comprises at least one capacitor, the at least one capacitor 
including: 

a first plate of conductive material formed in a predetermined 

shape, 
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a layer of dielectric material formed on at least a portion of the 
first plate and substantially conforming to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 



39. A semiconductor die, comprising: 
a substrate; and 

an integrated circuit supported by the substrate, wherein the integrated 
circuit comprises at least one capacitor, the at least one capacitor including: 

a substantially cone-shaped first plate of conductive material, 
wherein at least one of an interior surface and at least a portion of an exterior 
surface of the first plate are converted into hemispherical grains, 

a layer of dielectric material formed on at least a portion of the 
substantially cone-shaped first plate and substantially conforming to the shape of 
the first plate and the hemispherical grains, and 

a second plate of conductive material formed over the layer of 
dielectric material. 



40. A semiconductor die, comprising: 
a substrate; and 

an integrated circuit formed on the substrate, wherein the integrated circuit 
comprises at least one capacitor, the at least one capacitor including: 
a layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending partially into the layer of forming material, 

a layer of dielectric material formed on an interior surface and an 
exposed exterior portion of the first plate extending outside of the layer of forming 
material, wherein the layer of dielectric material substantially conforms to the 
shape of the first plate, and 
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a second plate of conductive material formed over the layer of 
dielectric material. 

41. A semiconductor die, comprising: 
a substrate; and 

an integrated circuit formed on the substrate, wherein the integrated circuit 
comprises an array of capacitors, including: 
a layer of forming material, 

a plurality of substantially cone-shaped first plates of conductive 
material, each including a vertex portion extending partially into the layer of 
forming material, wherein at least one of an interior surface and an exterior surface 
of each first plate exposed outside of the layer of forming material is converted into 

hemispherical grains, 

a layer of dielectric material formed on the interior surface and 
the exposed exterior surface of each first plate, wherein the layer of dielectric 
material substantially conforms to the shape of each first plate and the 
hemispherical grains, and 

a second plate of conductive material formed over the layer of 

dielectric material. 

42. A semiconductor die, comprising: 
a substrate; and 

an integrated circuit formed on the substrate, wherein the integrated circuit 
comprises an array of capacitors, including: 
a layer of forming material, 

a nucleation layer formed on the layer of forming material, 

a plurality of substantially cone-shaped first plates of conductive 

material, each including a vertex portion extending through the nucleation layer 

and partially into the layer of forming material, 



Docket 303.778US1 



28 



Micron 01-0369 



a layer of dielectric material formed on the nucleation layer and 
on an interior surface and an exposed exterior surface of each first plate extending 
out of the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of each first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 



43. A semiconductor die, comprising: 
a substrate; and 

an integrated circuit formed on the substrate, wherein the integrated circuit 
comprises an array of capacitors, including: 
a layer of forming material, 

a plurality of electrodes formed in the layer of forming material, 
a plurality of substantially cone-shaped first plates of conductive 
material, each including a vertex portion extending partially into the layer of 
forming material and each in contact with a corresponding one of the plurality of 
electrodes, 

a layer of dielectric material formed on an interior surface and an 
exposed exterior portion of each of the plurality of first plates extending outside of 
the layer of forming material, wherein the layer of dielectric material substantially 
conforms to the shape of each first plate, and 

a second plate of conductive material formed over the layer of 

dielectric material. 



44. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising 
an array of memory elements and each memory element including a capacitor, eacl 
capacitor including: 
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a first plate of conductive material formed in a predetermined 

shape, 

a layer of dielectric material formed on at least a portion of the 
first plate and substantially conforming to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 

45. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising 
at least one memory element including a capacitor, each capacitor including: 
a substantially cone-shaped first plate of conductive material, 
a layer of dielectric material formed on at least a portion of the 
first plate and substantially conforming to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 

46. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising 
an array of memory elements and each memory element including a capacitor, each 

capacitor including: 

a substantially cone-shaped first plate of conductive material, 
wherein at least one of an interior surface and at least a portion of an exterior 
surface of the first plate are converted into hemispherical grains, 

a layer of dielectric material formed on at least a portion of the 
substantially cone-shaped first plate and substantially conforming to the shape of 
the first plate and the hemispherical grains, and 

a second plate of conductive material formed over the layer of 

dielectric material. 
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47. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising 
an array of memory elements and each memory element including a capacitor, each 

capacitor including: 

a layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending partially into the layer of forming material, 

a layer of dielectric material formed on an interior surface and an 
exposed exterior portion of the first plate extending outside of the layer of forming 
material, wherein the layer of dielectric material substantially conforms to the 

shape of the first plate, and 

a second plate of conductive material formed over the layer of 

dielectric material. 

48. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising 
an array of memory elements and each memory element including a capacitor, each 

capacitor including: 

a layer of forming material, 

a nucleation layer formed on the layer of forming material, 
a substantially cone-shaped first plate of conductive material 
including a vertex portion extending through the nucleation layer and partially into 
the layer of forming material, 

a layer of dielectric material formed on the nucleation layer and 
on an interior surface and an exposed exterior surface of the first plate extending 
out of the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of the first plate, and 
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a second plate of conductive material formed over the layer of 
dielectric material. 

49. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising: 

an array of memory elements arranged in rows and columns; 

a plurality of address lines each coupled to one of a row or a 
column of memory elements; and 

a plurality of data lines each coupled to one of a row or a column 
of memory elements, each memory element including: 

a transistor including a gate terminal coupled to an address line 
and a source/drain terminal coupled to a data line; and 

a capacitor coupled to another source/drain terminal, wherein the 

capacitor includes: 

a layer of forming material, 

a nucleation layer formed on the layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending through the nucleation layer and partially into 
the layer of forming material, wherein at least one of an interior surface and an 
exposed exterior surface of the first plate extending from the layer of forming 
material and the nucleation layer is converted into hemispherical grains, 

a layer of dielectric material formed on the nucleation layer 
and on the interior surface and the exposed exterior surface of the first plate, 
wherein the layer of dielectric material substantially conforms to the shape of the 
first plate and the hemispherical grains, and 

a second plate of conductive material formed over the layer 

of dielectric material. 
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50. An electronic system, comprising: 
a processor; and 

a memory system coupled to the processor, the memory system comprising 
an array of memory elements and each memory element including a capacitor, each 
capacitor including: 

a layer of forming material, 

an electrode formed in the layer of forming material, 

a substantially cone-shaped first plate of conductive material 
including a vertex portion extending partially into the layer of forming material and 
in contact with the electrode, 

a layer of dielectric material formed on the nucleation layer and 
on an interior surface and on an exposed exterior surface of the first plate extending 
out of the layer of forming material and the nucleation layer, wherein the layer of 
dielectric material substantially conforms to the shape of the first plate, and 

a second plate of conductive material formed over the layer of 
dielectric material. 

51. A method of making a capacitor, comprising: 

forming a substantially cone-shaped/nrst plate of conductive material; 

forming a layer of dielectric material on at least a portion of the first plate 
and substantially conforming to the stfape of the first plate; and 

forming a second platesof^onductive material over the layer of dielectric 
material. \ /|^-^ 

52. A method of mapig a capacitor, comprising: 
forming a layer of forming material; 

forming at least one cavity with a predetermined shape in a surface of the 
layer of formingmaaterial; 

formbfg a first plate of conductive material on the layer of forming material 
and in the /least one cavity, wherein the first plate of conductive material forms a 
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predetermined shape substantially conforming to the shape^f the cavity with a 
hollow interior surface; 

removing the layer of forming material to a predetermined level to expose 
at least a portion of an exterior surface of the first plaj£ above a remaining portion 
of the layer of forming material; 

forming a layer of dielectric material on jKe first plate substantially 
conforming to the shape of the first plate; and 

forming a second plate of conductive4iaterial over the layer of dielectric 

material. 

53 . The method of claim 52, wher/in removing the layer of forming material 
comprises: 

removing a portion of the /lrst plate from a surface of the forming material 
surrounding the cavity by-dry etching the first layer with an etchant that is non- 
reactive to the forming material. 

54. The method of claim 52, wherein removing the layer of forming material 
comprises wet etching with an etchant that is non-reactive to the first plate of 

55 The method of claim 52, wherein forming the layer of dielectric material 

/ . * 

comprises forming a layer of one of a nitride or an oxide. 

, X-,— 

forming a first layer of forming material; 
"orming a nucleation layer on the first layer of forming material; 
/forming a second layer of forming material on the nucleation layer; 
forming at least one cavity with a predetermined shape in the first layer of 
forming material, the nucleation layer and the second layer of forming material; 
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forming a first plate of conductive material on the afecond layer of forming 
material and in the at least one cavity, wherein the first la^er of conductive material 
forms a predetermined shape substantially conforming \p the shape of the cavity 
with a hollow interior surface; 

removing the first plate of conductive material from the surface of the 
second layer of forming material around the cavitw 

removing the second layer of forming material to expose the nucleation 
layer and to expose at least a portion of an exteftor surface of the first plate of 
conductive material extending above of the imcleation layer; 

forming a layer of dielectric material on the first plate that substantially 
conforms to the shape of the first plate; and 

forming a second plate m^duetive material over the layer of dielectric 

material. | *A S 

57. The method of claim 56, We/ein forming the second layer of forming 
material comprises forming a laver of doped oxide. 

58. The method of claim 56, wherein forming the nucleation layer comprises 
forming a layer of undopedyoxide. 

59. A method of making a capacitor, comprising: 
forming a first/layer of forming material; 

forming a nucleation layer on the first layer of forming material; 

forming a ^fecond layer of forming material on the nucleation layer; 

forming It least one cavity with a predetermined shape in the first layer of 
forming material, the nucleation layer and the second layer of forming material; 

a first plate of conductive material on the second layer of forming 
material an/in the at least one cavity, wherein the first layer of conductive material 
forms a p/edetermined shape substantially conforming to the shape of the cavity 
with a hollow interior surface; 
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removing the first plate of conductive material from the surface of the 
second layer of forming material around the cavit 

removing the second layer of forming material to expose the nucleation 
layer and to expose at least a portion of an exterior surface of the first plate of 
conductive material extending above of the micleation layer; 

converting at least one of an interio/ surface and an exterior surface of the 
first plate exposed above the nucleation l/yer to hemispherical grains; 

forming a layer of dielectric material on the first plate substantially 
conforming to the shape of the first prate and the hemispherical grains; and 

forming a second plate of conductive material over the layer of dielectric 
material. 

60. A method of mal<in^¥ capacitor, comprising: 
forming a layer oAfepiing material; 

forming at least one substantially cone-shaped cavity in a surface of the 
layer of forming material; 

forming a fira plate of conductive material on the layer of forming material 
and in the at least ono substantially cone-shaped cavity, wherein the first layer of 
conductive mate/al has a substantially hollow cone-shape conforming to the shape 
of the cavity; 

renWing the first plate of conductive material from the surface of the layer 
of formingymaterial around the cavity; 

removing the layer of forming material to a predetermined level to expose 
at leastya portion of an exterior surface of the first plate; 

/ forming a layer of dielectric material on the first plate substantially 
conforming to the shape of the first plate; and 



/ foi 



forming a second plate of conductive material over the layer of dielectric 
material. 
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61. A method of making a capacitor, comprisir 
forming a layer of forming material; 

forming at least one substantially cone-shaped cavity in a surface of the 
layer of forming material; 

forming a isolation wall around the/^t least one substantially cone-shaped 

cavity; 

forming a photo mask having a^redetermined pattern on the isolation wall; 

forming a first plate of conductive material on the layer of forming material 
and in the at least one substantiallwfcone-shaped cavity, wherein the first plate of 
conductive material has a substantially hollow cone-shape conforming to the shape 
of the cavity; 

removing theferst\>lat£ of conductive material from the surface of the 
forming material aroi md tie cavrt 

removing the tootomask covering the isolation wall; 
removing the isolation wall; 

removing the layer of forming material to a predetermined level to expose 

/ 

at least a portion of an exterior surface of the first plate; 

converting/at least one of an interior surface and an exterior surface of the 
first plate exposed above the layer of forming material to hemispherical grains; 

formin/ a layer of dielectric material on the first plate substantially 

/ 

conforming to the shape of the first plate and the hemispherical grains; and 

forming a second plate of conductive material over the layer of dielectric 
material./ 

62. / A method of making an array of capacitors, comprising: 

/ forming a plurality of first plates of conductive material, each formed in a 
predetermined shape; 

/ forming a layer of dielectric material on the plurality of first plates and 
/substantially conforming to the shape of each of the first plates; and 
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a second plate of conductive material formed over the layer^f dielectric 
material. 

63. A method of making an array of capacitors, comprising: 

forming a layer of forming material; 

forming a plurality of cavities in a surface of the la^er of forming material, 
each cavity having a predetermined shape; 

forming a plurality of first plates of conductive Material on the layer of 
forming material and in each of the cavities, wherein/ach first plate is formed in a 
predetermined shape conforming to the shapfetff th£ cavity; ; 

removing the layer of forming mat/rial tj/a predetermined level to expose 
at least a portion of an exterior surface of < :ach/fihe fixates above a remaining 
portion of the layer of forming material; / 

forming a layer of dielectric materi^or/the first plates substantially 
conforming to the shape of the first platef and 

forming a second plate of conductive material over the layer of dielectric 

material. 



64. A method of making an array of capacitors, composing: 

forming a first layer o/forming material; 

forming a nucleatioi/ayer on the first layer of forming material; 

forming a second l£yer of forming material on the nucleation layer; 

forming a plural/y of cavities with a predetermined shape in the first layer 
of forming material, t}4 nucleation layer and the second layer of forming material; 

forming a fu4t plate layer of conductive material on the second layer of 
forming material Zd in each of the plurality of cavities, wherein the first plate 
layer of conducive material forms a predetermined shape conforming to the shape 
of each of the /avities with a hollow interior surface; 



Attorney D cket 303.778US1 



38 



Micron 01-0369 



selectively removing portions of the first plate layer of co^uctive material 
from the surface of the second layer of forming material from a/und each of the 
cavities to form a plurality of first capacitor plates; 

removing the second layer of forming material using' the first capacitor 
plates as a mask to expose the nucleation layer and to expose at least a portion of an 
exterior surface of each first capacitor plate extending itoove the nucleation layer; 

forming a layer of dielectric material on the nucleation layer and on each of 
the first capacitor plates that substantially conform/to the shape of each of the first 

capacitor plates; and / 

forming a second capacitor pla^( conductive material over the layer of 

dielectric material. 

65 . A method of making an array! of/irWoj*f comprising: 
forming a layer of forming material; 

forming a plurality of cone- Aed cavities in a surface of the layer of 

forming material; / 

forming a isolation wall&round the plurality of cavities; 

forming a photo mask4ith a predetermined pattern on the isolation wall; 

forming a first plate/ayer of conductive material on the layer of forming 
material and in each of substantially cone-shaped cavities, wherein the first 
plate layer of conductive^ material conforms substantially to the shape of each of the 

cavities; / 

selectively removing portions the first plate layer of conductive material 
from the surface oTthe forming material around each of the cavities to form a 



plurality of first/capacitor plates; 

removing the photo mask covering the isolation wall; 



7 

removing the isolation wall; 



er/oving the layer of forming material to a predetermined level, using the 
first capiitor plates as a mask, to expose at least a portion of an exterior surface of 
each ofjcas first capacitor plates; 
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converting at least one of an interior surface and an e/terior surface of each 
of the first capacitor plates exposed above the layer of forcing material to 
hemispherical grains; 

forming a layer of dielectric material on the l/yer of forming material and 
on the first capacitor plates, wherein the dielectrk?4aterial substantially conforms 
to the shape of each of the first capacitor plates4id the hemispherical grains; and 

forming a second capacitor plate of ebnductive material over the layer of 
dielectric material. 

66. A method of making a Aiemoly system, comprising: 
forming an array of memory ^ments^md 
forming a capacitor assayed with each memory element, wherein forming 

each capacitor includes: 

forming /first plate of conductive material formed in a 

predetermined shape, / 

forming a layer of dielectric material formed on at least a portion 
of the first plate and/ubstantially conforming to the shape of the first plate, and 
forming a second plate of conductive material formed over the 
layer of dielectric material. 

67. A iriethod of making a memory system, comprising: 
forming an array of memory elements; and 

forming a capacitor associated with each memory element, wherein forming 

each/apacitor includes: 

forming a first layer of forming material, 
forming a nucleation layer on the first layer of forming material, 
forming a second layer of forming material on the nucleation 
layer, 
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forming at least one cavity with a predetermine shape in the first 
layer of forming material, the nucleation layer and the second/ayer of forming 
material, 

forming a first plate of conductive material on the second layer of 
forming material and in the at least one cavity, wherei/the first layer of conductive 
material forms a predetermined shape conforming y the shape of the cavity with a 

hollow interior portion, 

removing the first plate of corifructive material from the surface of 

the second layer of forming material around the cavity, 

removing the se^on&vlayer of forming material to expose the 
nucleation layer and to expose at/least Obatjf6n of an exterior surface of the first 
plate of conductive material extekding^ove of the nucleation layer, 

forming a layer o^ifelectric material on the first plate that 
/ 

substantially conforms to the shap'e of the first plate, and 

forming a second plate of conductive material over the layer of 

dielectric material. 




68. A method of makmg a memory system, comprising: 
forming an arra/ of memory elements; and 

forming a capacitor associated with each memory element, wherein forming 
each capacitor includes: 

forming a layer of forming material, 

forming at least one substantially cone-shaped cavity in a surface 

of the layer o^brming material, 

forming a first plate of conductive material on the layer of 
forming material and in the at least one substantially cone-shaped cavity, wherein 
the first lXer of conductive material has a substantially hollow cone-shape 
conforming to the shape of the cavity, 

/ removing the first plate of conductive material from the surface of 

the layer of forming material around the cavity, 
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removing the layer of forming material to/a predetermined level 
to expose at least a portion of an exterior surface of the first plate, 

forming a layer of dielectric materiaLon the first plate 
substantially conforming to the shape of the first plaj£, and 

forming a second plate of conductive material over the layer of 

dielectric material. 

69. A method of making a memory system, comprising: 

forming an array of memory elements arranged in rows and columns; 
forming a plurality of address lifles each coupled to one of a row or a 
column of memory elements^^and / / 

forming a plurality of <fcta lines each ^coupled to one of a row or a column 
of memory elements, wherein l^ing eachmemory element includes: 

forming, a trajisistor including a gate terminal coupled to one of 
the plurality of address lin\sj(nd a source/drain terminal coupled to one of the 

plurality of data lines; and 

forming4 capacitor coupled to another source/drain terminal of 

the transistor, wherein forming the capacitor includes: 

/ 

forming a layer of forming material, 
forming a nucleation layer formed on the layer of forming 

material, / 

/forming a substantially cone-shaped first plate of conductive 

material including a vertex portion extending through the nucleation layer and 

partially intoihe layer of forming material, wherein at least one of an interior 

surface and/an exposed exterior surface of the first plate extending from the layer of 

formine material and the nucleation layer is converted into hemispherical grains, 

/forming a layer of dielectric material formed on the nucleation 
layer anu on the interior surface and the exposed exterior surface of the first plate, 
wherein the layer of dielectric material substantially conforms to the shape of the 
first plate and the hemispherical grains, and 
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forming a second plate of conductive nj&terial formed over the 
layer of dielectric material. 

70. A method of making a semiconductor die, comprising: 
providing a substrate; 

forming an integrated circuit supported by the substrate; and 
forming a capacitor associated with tly integrated circuit, wherein forming 

the capacitor includes: / 

forming a first plate of conductive material formed in a 

predetermined shape, 

forming a laJyer of dielectric material formed on at least a portion 
of the first plate and substantially conforming t/the shape of the first plate, and 

forming a self 
layer of dielectric material. 



I \ / 

;ond'plate of^onductive material formed over the 



/ 

71. A method of making a semiconductor die, composing: 

/ 

providing a substrate; 

forming an integrated circuit supported by the substrate; and 

forming a capacitor associated with the integrated circuit, wherein forming 

the capacitor includes: / 

forming a first layer of forming material; 

forming a nucleation layer on the first layer of forming material; 

forming a second layer of forming material on the nucleation 

layer; / 

/ forming at least one cavity with a predetermined shape in the first 

layer of forming material, the nucleation layer and the second layer of forming 
material; 

forming a first plate of conductive material on the second layer of 
forming material and in the at least one cavity, wherein the first layer of conductive 
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material forms a predetermined shape conforming to the shape^f the cavity with a 

hollow interior surface; 

removing the first plate of conductive material from the surface of 

the second layer of forming material around the cavity; 

removing the second layer of forrnu^ material to expose the 
nucleation layer and to expose at least a portion of A exterior surface of the first 
plate of conductive material extending above of the nucleation layer; 

forming a layer of dielectric .material on the first plate that 
substantially conforms to the shape of the fi/st plate; and 

forming a secoyckplate of conductive material over the layer of 

dielectric material. 



72. 





A method of making a setoeoridifctordie, comprising: 
providing a substrate; Xj 
forming an integrated circuit supported by the substrate; and 
forming a capacitor associated with the integrated circuit, wherein forming 

the capacitor includes: / 

forming a layer of forming material; 

forming at least one substantially cone-shaped cavity in a surface 

/ 

of the layer of forming material; 

forming a first plate of conductive material on the layer of 
forming material and in the at least one substantially cone-shaped cavity, wherein 
the first layer of/onductive material has a substantially hollow cone-shape 
conforming to /the shape of the cavity; 

/ removing the first plate of conductive material from the surface of 

the layer ofifbrming material around the cavity; 

/ removing the layer of forming material to a predetermined level 
to exposfe at least a portion of an exterior surface of the first plate; 
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converting at least one of an interior surface And an exterior 
surface of each of the first plates exposed above the layer of^orming material to 
hemispherical grains; 

forming a layer of dielectric material or/ the first plate 
substantially conforming to the shape of the first plate ^fad the hemispherical 
grains; and 

forming a second plate of conducive material over the layer of 
dielectric material. 

73. A method of making an electronic system, comprising: 
forming a processor; and , ^ 

forming a memory system coufolecLto the processor and including a 
plurality of memory cells, wherein foinijA the mepfory system includes forming a 
capacitor associated with each memorWell ftfttfe memory system and wherein 
forming each capacitor includes: /K^/ 

forming a first plate of conductive material formed in a 



t plat? 



predetermined shape, 

forming a layer/of dielectric material formed on at least a portion 
of the first plate and substantially conforming to the shape of the first plate, and 
forming a sefcond plate of conductive material formed over the 
layer of dielectric material. 



74. A method of making an electronic system, comprising: 
forming a processor; and 

forming a meiriory system coupled to the processor and including a 
plurality of memory /ells, wherein forming the memory system includes forming a 
capacitor associate/with each memory cell of the memory system and wherein 
forming each capacitor includes: 

/forming a first layer of forming material; 
forming a nucleation layer on the first layer of forming material; 
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forming a second layer of forming material oy the nucleation 

layer; 

forming at least one cavity with a predetermined shape in the first 
layer of forming material, the nucleation layer and the second layer of forming 
material; 

forming a first plate of conductive material on the second layer of 
forming material and in the at least one cavity, whert/in the first layer of conductive 
material forms a predetermined shape conforming p the shape of the cavity with a 
hollow interior surface; 

removing the first plate of conductive material from the surface of 
the second layer of forming material around th^ cavity; 

removing the second layer M forming material to expose the 
nucleation layer and to expose at leas/a^ortion of at exterior surface of the first 
plate of conductive material extending aWbve of \h& nucleation layer; 

forming a layer of c i^to>material on the first plate that 
substantially conforms to the shape oftlje first plate; and 

forming a second plate of conductive material over the layer of 
dielectric material. 



75. A method of making an/electronic system, comprising: 
forming a processor; and 

forming a memory system coupled to the processor and including a 
plurality of memory cellsjwherein forming the memory system includes forming a 
capacitor associated witt/ each memory cell of the memory system and wherein 
forming each capacitomncludes: 

forming a layer of forming material; 

forming at least one substantially cone-shaped cavity in a surface 
of the layer of forming material; 

forming a first plate of conductive material on the layer of 
forming material and in the at least one substantially cone-shaped cavity, wherein 
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the first layer of conductive material has a substantially hollow cone-shape 
conforming to the shape of the cavity; / 

removing the first plate c^onductive material from the surface of 
the layer of forming material around thpxavity ; 

removing th^yei'of forming material to a predetermined level 
to expose at least a portion of ^^^ r surface of the first plate; 

convertingKt/east one of an interior surface and an exterior 
surface of each of the fWcapacitor plates exposed above the layer of forming 
material to hemispherical grains; 

forming a layer of dielectric material on the first plate 
substantially conforming to the shape of the first plate and the hemispherical 
grains; and / 

/ forming a second plate of conductive material over the layer of 
dielectric material. 
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